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In re Patent Application of: 
Yutaka IJMEHARA et al. 

Application No.: 10/587,246 Confirmation No.: 5271 

Filed: July 6, 2007 Art Unit: 1 797 

For: PLASMA EXCHANGE WASTE LIQUID Examiner: Sun U. Kim 

PURIFICATION AND CIRCULATION 
DIALYSIS APPARATUS 

PETITION UNDER 37 CFR 1.182 

Assistant Commissioner for Patents 

Mail Stop PCT 

P.O. Box 1450 

Alexandria, VA 22313-1450 

ATTN: OFFICE OF PCT LEGAL ADMINISTRATION 

Sir: 

In response to the Decision dated January 8, 2008 (copy attached), the following remarks 
are submitted. 

The Examiner notes that the declaration filed on May 1, 2007 in connection with the 
above-identified patent application "nominates an inventor (Mutsuo SASAKI) in place of 
"Sasaki mutsuo" nominated in the published international application." The Examiner further 
notes that "[i]n that this is clearly more than a mere typogre^hical error or phonetic misspelling 
of applicants' name (because of the change in the order of the names), a proper petition... is 
reqmred to resolve this discrepancy". 
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Petitioners hereby request that the declaration filed on May I, 2007 in connection with 
the above-identified patent application be accepted as filed despite the discrepancy noted by the 
Examiner. 

The Examiner's attention is respectfully directed to the cover page of International 
Application WO 2005/070478A1 (copy attached), reference number (75). Petitioners 
respectfully submit that the Intemational Application identifies inventors' ntoies in the following 
order: Family Name/Given Name (e.g., UMEHARA, Yutaka; UMEHARA, Minoru). 
Accordingly, it follows that the name "Sasaki mutsuo" identifies the inventor by his Family 
Name (Sasaki)/Given Name (mutsuo). This information is in accordance with information 
supplied on the declaration filed on May I, 2007 in the above-identified application ("Mutsuo 
SASAKI", wherein "Mutsuo" represents the Given Name and "SASAKI" represents the Family 
Name). 

The reason why the Family Name of inventor Sasaki was not capitalized (e.g., 
"SASAKI") and a comma was not inserted between the inventor's Family Name and Given 
Name is not clear to Petitioners. However, Petitioners submit that these errors are typographical 
errors in the Intemational Application as published. 

Furthermore, Petitioners submit herewith a copy of EP I 709 982 Al (copy attached), as 
further evidence that the inventor's name on the declaration filed on May 1, 2007 in the above- 
identified application is accurate and correct. 

Petitioners respectfully submit that declaration filed on May 1, 2007 in the above- 
identified application is not defective, and further submit that a new oath or declaration is not 
necessary. Petitioners request that the USPTO accepts the declaration filed on May I, 2007 in 
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connection with the above-identified patent, application despite the discrepancy noted by the 
Examiner. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to Gerald M. Murphy, Jr., Reg. No. 28,977 at 
the telephone number of the undersigned below, to conduct an inter\dew in an effort to expedite 
prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1.16 or 1.14; particularly, extension of time fees. 
Dated: p£B 0 7 2008 Respectfully, submitted. 
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DECISION 



u 



This is in response to the renewed petition under 37 CFR 1 . 1 82 filed on 30 November 
2007 and directed to application no, l:l/742,676» which requests that documents submitted in. 
1 1/742,676 be placed into the instant application, no. 10/587,246. 



DISCUSSION 

In a Decision mailed on 01 October 2007 (aind addressed to 1 1/742,676), the 
correspondence filed on 06 July 2007 was treated as a petition under 37 CFR 1 .182 and 
dismissed, without prejudice, because 

Petitioner has not unambiguously described (he relief sought. Specifically, 
petitioner variously suggests that the declaration was intended to befiled. in 
application 10/582,246 or JO/587,246, but does not request that the declaration 
(or any of the correspondence filed on 01 May 2007) be placed into one of those 
applications. Instead, petitioner merely urges that the declaration and response- 
''should have been'' filed in 10/587,246 (or perhaps 10/582,246) but requests only 
that they ''be removed from the above-identified application ■■ Thus, it is 
uncertain if petitioner is affirmatively seeking incorporation into another 
application (whether 10/582,246 or 10/587,246) of the correspondence placed 
into the instant application, or merely removal of papers from the instant case. 
Clarification is required. 

Petitioner has not clearly defined the manner in which the discrepancy described 
in the petition arose. Though petitioner states that he ''has first hand knowledge 
of the facts associated with the present -situation, it is not clear that he was the 
individual who committed the "clerical error, " If not, a statement from the 
appropriate person would be appropriate. Also, it is not clear exactly what 
"clerical error" occurred. For instance, was the error made at the point of the 
selection of options while electronically filing the correspondence, or did 
applicants mistakenly decide to file the papers into a new application (*' duplicate 
application 11/742,676 was intended to be,,.)? Petitioner should more clearly 
define the nature and timing of the "clerical error, "identify who committed the 
error, and provide a statement by that individual. 
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In response, petitioner more clearly explains that, on 01 May 2007, applicants attempted 
to e-file documents into the instant application in response to a Notification of Missing 
Requirements mailed on 09 April 2007. However, due to what is described as an inadvertent 
error on the part of a secretary who is no longer in. cpunsers employ, the, documents in question . 
were instead filed as a "new application" which was assigned application no, 1 1/742,676. 
Accordingly, "petitioner requests that all correspondence filed on May 1, 2007, which. the 
USPTO associated with new Application No. 1 1/742,676, be removed from said file and 
incorporated into Application No. 10/587,246, as originally intended. Petitioner has expressly 
abandoned Application No. 1 1/742,676." Based on the totality of the circumstances presented,, it 
would be appropriate to grant the requested relief. Accordingly, copies of the correspondence in 
question (including a declaration document, a Response to Notification of Defective Response, a 
copy of the Notification of Defective Response mailed on 09 April 2007, as well as the 
associated Electronic Acknowledgement Receipt), from 1 1/742,676 are being placed into the 
instant application, no. 10/587,246. All further coiresppndence with respect to this matter should 
be directed to 10/587,246. 

It is noted that the declaration filed on 01 May 2007 nominates an inventor (Mutsuo 
SASAKI) in place of "Sasaki mutsuo" nominated in the published international application. In 
that this is clearly more than a mere typographic error or phonetic misspelling of applicants' 
name (because of the change in the order of the names), a proper petition (under 37 GFR 1.182) 
is required to resolve this discrepancy. See MPEP 605.64(b). 



CONCLUSION 
The petition is GRANTED to the extent noted above. 

Petitioner is required to file a proper response (i.e., either a new oath or declaration 
compliant with 37 CFR 1.497(a) and (b) or else a grantable petition to accept the declaration as 
filed on 01 May 2007 despite the discrepancy noted above) within ONE fl) MONTH of the 
mailing date of this Decision. Extensions of time under 37 CFR 1 .136(a) are NOT available. 
Failure to timely reply will result in ABANDONMENT . 

Please direct any further correspondence with respect to this matter to the Assistant \ 
Commissioner for Patents, Mail Stop PCT, P.O. Box 1450, Alexandria, VA 22313-1450, and ' 
addres^ the contents of the letter to the attention of the Office of PCT Legal Administration. ^ 

George Dombroske 

PCT Legal Examiner 

Office of PCT Legal Administration 

Tel: (571)272-3283 

Fax:(571)273-0459 
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(54) PLASMA EXCHANGE WASTE LIQUID PURIFICATION CIRCULATION DIALYZER 



(57) The object of the invention is to provide an ap- 
paratus used in a plasma exchange therapy, which Is 
operable with only a minor modification to a conventional 
plasma exchangis appar^us and wher^n valuable plas- 
ma is not disposed but recycled as a dialysis solution. 
The present invention is related to an apparatus used 



in a plasma exchange therapy wherein at least a portion 
of separated plasma Is purified and circulated as a dial- 
ysis solution to dialyze patient' s blood to remove hamnful 
substances contained in the plasma; a plasma exchange 
apparatus incorporating said apparatus; and an artificial 
liver equipped with these apparatuses. 
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Description 

RELDOFTHE INVENTION 

s [0001 ] The invention relates to a plasma exchange waste liquid purification and circulation dialysis apparatus wherein 
at least a portion of plasma separated from apatient is purified and circulated as a dialysis solution to dialyze the patient's 
blood to remove hamnlul substances contained in the plasma 

BACKGROUND ART 

10 

[0002] A plasma exchange therapy (plasma separation and exchange therapy) wherein patienfs plasma is replaced 
by fresh and frozen plasma obtained from a nomrvai individual will be adopted when other kinds of therapy demonstrated 
no or insufficient effect for disorders caused by an abnormal antibody, an immunp-complex or an overproduced nonrjal 
factor such as, for example, acute hepatic insufficiency, anti-glomerular basement membrane antibody diseases such 
'5 as. Goodpasture syndrome, amyosthenia, Guillain-Barre syndrome; necrotizing angltis, thrombopenic purpura throm- 
botic, and familial cholesteremia. 

[0003] Representative examples of said plasma exchange therapy are listed as follows: 
[SInnple plasma e^^ange therapy] 

[0004] It is impossible to infuse fresh plasma after the removal of all of the plasma components, which would mean 
"exchange' In a tme sense, due to the necessity of maintenance of body function. Accordingly, hematocytes and plasma 
are separated by centrifugal force applied at a hemofilter or plasma separator, and the fresh and frozen plasma will be 
infused while the patienfs plasma thus separated being disposed. However, since the patienf s plasma will ahways be 
2S separated and disposed only after having been mixed with the infused fresh plasma in body, it is presumed that the 
composition of the patienfs plasma after the exchange of a certain amount of plasma will be almost the same as that 
of the plasma disposed. That is to say, this 'plasma exchange therapy" is actually no more than dilution of the patient's 
plasma with a certain amount of the fresh plasma, and disposal of surplus of the jslasma. 

^ pouble-fiitration plasma exchange therapy] 

[0005] This method removes plasma proteins more selectively than in the simple plasma. exchange therapy, and 
recycles a portion of the plasma and uses an albumin solution as a supplementing liquid. However, as It requires 
separation by means of molecular weight fraction, there Is a possibility that necessary proteins may be removed as well. 
35 [0006] The following "Plasma adsorption therapy" and "MARS* may be ajso mentioned as representative examples 
of the method for removing disease agent and toxic substances in plasma, 

[Plasma adsorption therapy] 

^ [0007] Almost ail kinds of adsorbents will require perfusion in a plasma state for fear of blood clot, decrease of platelets 
and hemolysis. It is therefore the plasma will be in contact with an adsort>ent after it Is separated from hematocytes so 
that disease agent in the plasma may be selectively removed. However, this thempy has to be sometimes combined 
with the simple plasma exchange therapy depending. on conditions such as in acute hepatic insufficiency. Accordingly, 
a therapy that can be more simply combined with other kinds oif therapy Is required for view of complexity of apparatuses 

^ and compltoation of procedures. 

[Molecular Adsorbent Recycling System ("MARS" trade mark}] 

[0008] This was developed for the purpose of selectively removing protein-binding toxic substances using the albumin 
so solution as the dialysis solution in the treatment of acute hepatic insufficiency. Random sampling tests are cun'entty 
conducted in facifities mainly In Gennany and France. The removing efficiency greatly depends on a dialysis membrane, 
as the toxic substances binding to the albumin can permeate it while albumin Itself cannot permeate the membrane. 
Since there is an ob]ectk>n to a concept of this therapy, it seenis that it will take more time for the therapy to be recognized 
as a new technology. 

55 

Non-Patent document 1 : 

Umehara. et at., LIVERAIO TM-A Novel Hybrid BioartTictal Uver-Hepatology 2002. 36(4) suppl.:681 A 
Non-Patent document 2 : 
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Watanabe et al. . Clinical experience with a bioartificial liver in the treatment of severe liver failure- A pahse I clinical 
Trial- Annals of Surgery 1997: 225 (5): 484-494 
Non-Patent document 3 : 

Stange, et a!.. Molecular Adsorbent Recycfing System (MARS) : COnical results of a new membrane based blood 
5 purification system for bioartificial liver suppport, Artif Organs 1 999:23 (4):31 9-330 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

70 

[0009] All of the fresh and frozen plasma Is supplied from blood donated by volunteers now In Japan. Accordingly, a 
method to utilize nrwre effectively such valuable material obtained from human body In the plasma exchange therapy. 
[0010] The present inventors have studied hard to solve the above problems, and finally found that plasma exchange 
waste liquid (separated plasma) may be utilized in a secondary therapy, more specifically used as a dialysis solution 
15 after being purified. The present invention was made on the basis of the above findings. 

MEANS FOR SOLVING THE PROBLEM 

[0011] Thus, the present invention relates to a plasma exchange waste liquid purification and circulation dialysis 

20 apparatus wherein at least a portion of separated plasma Is purified and circulated as a dialysis solution to dtalyze 
"patient's blood to remove hamiful substances contained in the plasma As already mentioned above, the. representative 
examples of the plasma exchange therapy Include the simple plasma exchange therapy and double-filtration plasma 
exchange therapy. The apparatus according to the present invention may be used widely In any plasma exchange 
therapy in addition to the above methods. 

^ [0012] In one example, the apparatus comprises a purifier and diatyzer as their constituent elements; Dialysis of 
patient" s blood with the separated plasma circulated through the dialyzer may be perfomied by any means or method 
known for those skilled in the art. The dialyzer (dialysis apparatus) may be equipped independently from an apparatus 
for plasma separation such as a plasma separator or hemofilter that are used in the plasma exchange, or more conven- 
iently the apparatus for plasma s^aration may function also as the dialyzer.. 

30 [0013] Purification of the separated plasma oiay be preformed at the purifier (bloreactor) by any means or metiiod 
known for those spied in the art Various hamtful substances such as disease agents and toxic substances can be 
removed from the separated plasma by the purifier. For example, when the purifier is composed of an adsorption 
separator, various hannful substances binding to tiie plasma proteins will be adsorbed to any adsorbent equipped with 
tiie adsorption separator and removed from the plasma by the action of adsort)ents such as various Ion-exchange resins; 

35 various porous copolymers synthesized from divinyi-benzene. divinyKoluene and styren e; activated cari^on; and alumina. 
[0014] A preferable example of the present inventton may be so constructed that the separated plasma functions as 
reservoir.of the dialysis solution. The apparatus of the present Invention may comprise other elements known for those 
skilled In the art, such as a pump, a line and a three-way tap. One example of the apparatus of the present invention Is 
composed of a hemofilter. a purifier, a three-way tap, a pump (4), a line (4) and a line (5) shown in Rg.1. 

<o [0015] The plasma exchange waste liquid purification and circulation dialysis apparatus according to the present 
invention may be easily added to any type of the plasma exchange apparatuses and used as a part thereof. It is titerefore 
tiiat the present Invention relates also to a plasma exchange apparatus incorporating the plasma exchange waste Ik^uld 
purification and circulation dialysis apparatus of the present Invention. 

[0016] An artificial fiver using liver celts ortissue Is now being developed in order to be used In the treatment of acute 
45 hepatn insufficiency or as an intemnediary for liver transplantation. Many of them adopt a system wherein plasma is 
separated, oxygenated, and Induced Into a bloreactor, mixed with hematocytes and brought back into a patient's body. 
It has been reported that the plasma of the patient suffering from acute hepatic insufficiency comprises components that 
will impair the function of the liver cells or tissue. It seems tiierefore ve^ effective that the concentration of the above 
harmful substances is decreased by means of the plasma exchange tiierapy before the treatment using tiie bloreactor 
50 with the liver cells or tissue. 

[0017] The present invention is tiierefore related to an artificial.l'iver Including a hybrid type equipped with tiie plasma 
exchange waste fiquid purification and circulation dialysis apparatus of tiie present invention. Such artificial Ihrer may 
serve as a platform for various types of tiie bloreactor in the devetopment of the artifidal I'n^er. 

55 ADVANTAGES OF THE INVENTION 

[0018] It is possible to effectively remove tiie hamifui substances contained in the plasma by recycfing tiie plasma as 
tiie dialysis solution without being disposed witii the use of the apparatus according to tiie present Inventton. Furthermore. 
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as the aii^aratus of the present invention is operable with only a minor modification to a conventional plasma exchange 
apparatus, othertherapy such as the plasma adsorption therapy can be quickty initiated after the simple plasma exchange 
thempy is finished. Priming volume of an apparatus will often make some problems in blood purification therapy. However, 
since the plasma exchange waste Dquid may function as reservoir of the dialysis solution and a priming solution in the 
s apparatus of the present Invention, it can be used very safely even for patients who are instable in ctrculatory dynamics 
or have small body such as children. 

BRIEF DESCRIPTION OF DRAWINGS 

10 [0019] 

Flg.1 shows an example of the present apparatus. 

Ftg.2 shows a circuit of the example at the time of plasma exchange (PE). 

Rg.3 shows a cirojit of the example at the lime of priming by plasma exchange waste liquid of the purifier. 
IS Bg.4 shows a circuit of the example at the time of plasma exchange waste liquid purification and circulation dialys'is. 
(Plasma Recycling DlalystsPRD). 

Rg.5 Is a graph showing changes In the value of a total bile add fTBA) in the plasma and the plasrna exchange 
waste liquid at 0.5, 1 and 2 hours after the Initiation of the plasma exchange (PE). The value In the plasma befbre 
PE is set as MOO" and the other values are shown as % for said value. 
^ Rg.6 is a graph showing changes in the value of a total biliajbin{T-BiO In the plasma and the plasma exchange 
waste liquid at 0.5, 1 and 2 hours after the initiation of the plasma exchange (PE). The value In the plasnrm before 
PE Is set as * 100' and the other values are shown as % for said value. 

Rg.7 is a graph showing chan^ in blood pressure (Systolic pressure) before or afterthe transition from PEto PRD. 
Rg.8 Is a graph showing changes In the number of white blood cell (WBG) through PE and PRD. 
Rg, 9 is a graph showing changes in the number.of red blood cell (RBC) through PE and PRD. 
Rg.10 is a graph showing changes in the value of hemoglobin (Hb) through PE and PRD. 
Fig.l 1 is a graph showing changes in the value of hematocrit (Ht) through PE and PRD. 
Fig.12is agraph showing changes in the number of platelet through PE and PRD. 
Rg.1 3 is a graph showing changes In the value of TEA through PE and PRD. 
30 Rg.14 Is a graph showing changes In the value of T>BII through PE and PRD. 

EXPUNATION OF SYMBOLS 

[0020] 

35 

i: Pump, Line; 
2: Pump, Line; 
3: Pump, Line; 
4: Pump, Line; 
<o 5: Line; 

6: Plasma separator^ 

7: Purifier (anion-exchange resIn) 

Best Mode for Canying out the Invention 

45 

[0021 ] One example of the present invention will be explained with reference to Rg. 1 . The numbers in the specification 
con'espond to those In the figure. Those skilled in the art may easily conceh^e various aspects having the technical 
features of the present invention based on the disclosure of the present specification and technical comnrwn sense in 
the art, and it is clear and obvious that such various aspects shall therefore fall within the scope of the present invention. 

50 [0022] Patient's blood is first Introduced (1 00 ml/min) into the hemofilter (that will serve also as the dialyzer) through 
a fine (1) by means of a pump (1). The plasma exchange waste liquid is separated arrd passed (5-10 mUnrtin) through 
a pump (2) to a waste liquid pack. Simultaneously, fresh frozen plasma (FFP) is perfused into the patient at the same 
rate through a line (3) by means of a pump (3). A pump (4) is stopped, and fines (4) and (5) are closed with a three-way 
tap (A) during the above procedures. After a predetermined amount of the plasma has been exchanged, the pumps (2) 

55 and (3) are stopped, and the Dnes (4) and (5) are opened, and then a predetemiined amount of the plasma exchange 
waste liquid In the waste liquid pack is disposed through the line (5) by means of the pump (4). For example, one (L) of 
the plasma exchange waste fiquid out of 2 (L) in total is disposed and the other one(L) is left In the waste liquid pack 
(Priming by the plasma exchange waste liquid of the line (4) and the purifier). The line (5) is then closed by the three- 
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way tap (A). The pumps (2) and (4) are then rotated at the same rate (for example, 400 ml/min) to purify the plasma 
exchange waste Oquld and diaiyze the plasma. 

.[00^] Any element known for those skilled Jn the art ntay be used as the constituent elements.used-in the above 
apparatus, such as the apparatus for plasma separation (the plasma separator or hemofilter), the pump, and the line. 
5 Furthenmore, those skilled in the art may use or operate the apparatus shown in Flg.1 without any dfficulty. 

EXAMPLE 

[0024] Examples of the plasma exchange and the plasma exchange waste liquid purification and circulation. dialysis 
10 (Plasma Recycling Diaiysis:PRO) with the apparatus according to the present invention shall be shown by an animal 
experiment using a hyper-bilirubin plasma pig nnodel. The following examples will not fimit in any sense the scope of the 
present invention. 

Method 

15 

[Experimental animal] 

[0025] A tatted female pig (25-30 kg body weight) was t>red in a metal breeding gauge for the experiment. The animal 
was bred under sunshine of from eight to twenty o'clock at a constant temperature and humidity {22 ±2 ''C, 55±10%) 

20 and free to take tap water. All of the experiment were conducted In accordance with "Guideline for animal experiments 
at Hirosaki University.' All of the operations and extrojorporeal circulation were done under general . anesthesia as 
follows. The animal was fasted except free iiptake of water from the night biefore the operatioa Ketamine (15 rhg/kg) 
and Atropine (0.01 mg/kg) were Intramuscularly injected. Aftisr the pig had fallen asleep, a blood vessel was secured 
from an auricular vein. After thiopentanol sodium (lOOmg) was administered, intratracheal intubation was done. An- 

25 esthesta was kept by administrating MkJazolam (0.3 mg/kg/h), Peritazocihe (0.3 mg/kg/h) and pancuronium bromide 
(0.4 mg/)cg/h) under artificial respiration using a ventilator 

Hyper-bllirubln.plasma pig nrwdel 

30 [0026] The pig model was prepared under general anesthesia by sub]ectfng to an abdominal operation at medlar) and 
upper abdomen, extracting a gall bladder, and figatlng and cutting of choledoch duct (common bile duct). The course 
after the operatton was observed while the animal was bred in the gauge. Seven days later, under general anesthesia, 
a double lunr^en catheter for extracorporeal circulatton (GamCath, Gambro. Stockholm) was inserted into a right cervfcal 
vein and a catheter was inserted into a right fernoral artery for measurement of blood pressure and collection ,of blood. 

35 

Plasma exchange (P£) 

[0027] The plasma separator (ACH-07Si Asahl Medteal, Tokyo) was used for the plasma exchange and the plasma 
exchange waste liquid purificatton and circulation dialysis. Anticoagulant (Heparin sodium) was intravenously adminis- 
<P tered at a dose of 6, 000 units before the extracorporeal circulation, and at a rate of 2, 000 units per hour after the 
inttiatjon of extracorporeal drpulation. A flow rate of blood was set to be 100 ml/min. The plasma exchange was canied 
by means of a membrane-type plasma separator (OP-05W, Asahl Medical, Tokyo) using a supplementing solution of 
swine fresh frozen plasma at an amount (L) cateulated by the followng formula out for 2 hours (10-14 ml/min)(Fig.2): 

45 

body weight (kg) x 1/13 x (l-rHt/lOO) 
Priming of the purifier with plasma exchange waste fiouid 

so 

[0028] Afterthe completion of the ptasnna exchange, a filter pump was stopped and aflow path was changed by means 
of the three-way tap. Then, the purifier was primed with the plasma exchange waste Dquid (50 mWrUn, 300 ml) by means 
of a supplennenfing solution pump (Fig.3). 

^ The plasma exchange waste fiquid purifteation and circulation dialysis (Plasma RecycHnq Dialysis:PRD) 

[0029] After the connpletion of the priming, the flow path was changed by means of the three-way tap. PRO was canied 
out for 6 hours using the plasma separator as the diatyzer, which had been used for the plasma separation in PE (Rg. 
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4). Anion-exchange resin (Plasoita BRS-350, Asahi Medical, Tokyo) was used as the purifier. A flow rate of blood was 
set to be 1 00 ml/mln and the plasma exchange waste liquid was circulated at a rate of 50 mlAnin through an outer space 
•of hollow fiber'countercumently against a blood flow. After the completiba the extracorporeal dicutation was stopped 
and the blood was returned^ 

Measurement items: 

[0030] Artery pressure was continuously measured with the catheter inserted into the femoral artery. Blood was 
collected before the initiation of PE; at 0. 5. 1 . and 2 hours after the initiation of PE; and at 2, 4, 6 (end of PRD) and at 
8 hours after the initiation of PRD, and subjected to blood examination with respect to total protein, albumin. Na, CI, K. 
urea nitrogen, total bile add, tetel bilirubin, Creatinin, LDH. AST, and ALT (nx4}. The plasma exchange waste liquid was 
also collated at 0.5. 1 . and 2 hours alterthe initiation of PE. followed by detemllnation of a total bile acid and totel bilirubin 
concentration (n=4). 

Results: 

p031] It was confinfned that the values of the total bile acid and the totel binhibln were almost the same in the plasma 
and the plasma exchange waste liquid colleted at 0.5, 1 , and 2 hours after the initiation of PE (Fig. 5 & 6). Circulatory 
dynamics was stable until the end of extracorporeal drculadon, and no change in blood pressure (systolic pressure) 
was observed before and after the transition from PE to PRD (Rg.7). No hemolysis was observed through PE and PRD. 
The blood examination showed a little increase after the end of the plasma exchange with respect to the number^ of 
white blood cell (WBC) and red blood cell (RBC), and the values of hemoglobin and hematocrit {Fig.8 - Fig.1 1). The 
number of platelet was decreased In PE, but became stable afterthe transition to PRD (n9.1 2). Biochemical examination 
showed that the values of the total bile acid and the total bilirubin were continuously decreased even after the transition 
from PE to PRD (Rg.13 & Rg. 1 4). No significant change was obsewed with respect to the other values through PE and 
PRD (TABLE 1). 
[0032] 



(TABLE1J 





Before PE 


EndofPE 


EndofPRD 


Total Protein (g/dl) 


5.7 ± 0*5 


5.0 ±0.1 


5;0 ± 0.3 


Albumin (mg/dQ 


2.7 ±0.2 


^4 ± 0.1 


2.4 ±0.2 


AST (lU/L) 


31 ± 13 


36± 12 


36 ±8 


ALT (lU/L) 


18 ±4 


23 ± 3 


23 ±2 


LDH (lU/L) 


371 i 51 


430 ±34 


435 ± 100 


BUN (mg/dl) 


6.8 ± 1.9 


7.4 ± 1.8 


8.8 ± 3.0 


Creatinin (mg/dl) 


0.8 ± 0.1 


0.7 ±0.1 


0.6 ± 0.1 


Na(mEq^) 


138.± 1 


138 ±2 


135 ±2 


K(mEq/L) 


4.2 t: 03 


3.6 ± 0.3 


3.9 ± 0.5 



[Discussion] 

[0033] The above examples demonstrated the safety of the combination of PE and PRD, and the possibility of transition 
orshlft from PE to PRD in a short time. In the af^aratus according to the present Invention, the plasma exchange waste 
liquid functions as the reservoir and the function of the purifier is supplemented via plasma dialysis. It was also continued 
that such the apparatus of the present invention could effect a sufficient removing efficiency of the harmful substances 
in the plasma as shown by the changes of the values of the harmful substences in the plasnna such as those of the total 
bilinibin and the totel bile add. Although the anlon-exchange resin was used as the purifier In the above examples, it Is 
conceived that any kind of the combination of various adsorbents and hemodialysis may be used as well, and that the 
purifier may be easily scaled up or exchanged on the way of the therapy. It is also conce ived that the apparatus according 
to die present invention enables a low-invasive and rapid transition from PE to the secondary therapy and Is therefore 
useful as an ar^icial Over support. 
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[industrial Applicability] 

[0034] Tne plasma exchange therapy sUii has an innportant place in the therapy of acute liver Insufficiency in Japan. 
The same therapy has a long history and Is very safe so that It is considered a therapy that can be pert ornied with little 
hesitation. This therapy Is actually performed in many medical fadlitfes. As the apparatus of the present invention may 
be very easily composed wrth a minor modification ol the addition of the purifier to the plasma exchange therapy, it is a 
very useful system th^ may be easily Introduced by doctors skilled in the plasnna exchange therapy. 



Claims 

1. A plasma exchange waste liquid purification and circulation dialysis apparatus. wherein at least a portion of separated 
plasma is. purified and dncuiated as a dialysis solution to dlalyze patienfs blood to remove hannful substances 
contained in the plasma. 

2. The apparatus of Claim 1 , which is used In a simple plasma exchange therapy. 

3. The apparatus of Claim 1, which Is used In a double-filtration plasma exchange therapy, 

4. The apparatus of Claim 1, comprising a purifier and a dialyzer as a constituent element of the apparatus. 

5. Theapparatus of Claim 4 wherein an apparatus for plasma separation that are used In the plasma exchange functions 
also as the d'lalyzer. 

6. The ai^aratus of Clairn 4 or 5 wherein the purifier is composed of an adsorption separator. 

7* The apparatus of one of Claims 1 to 6 wherein the plasma separated in the plasma exchange therapy functions as 
reservoir of the dialysis solution. 

8. The apparatus of one of Claims 1 to 7, being composed of a hemofllter, a purifier, a three-way tap (A), a pump (4), 
a line (4) and a line (5) shown In Fig.1. 

9. A plasma exchange apparatus incorporating the plasma exchange waste Gquld purification and circulation dialysis 
apparatus according to any one of the preceding claims. 

10. The apparatus having the composition shown In Fig. 1, 

1 1 . An artificial liver equipped with the apparatus according to any one of the preceding claims. 
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^glSijficD^^^7^^B#, /J^i€«r•</)^^:<0/J^$^\il#{r^^ 
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[0019] miwmmm(D-mm^7j<-to 

[|g|6]PBPi(&o.5. 1, 2 0^rBmo«^*5cfc»^2:5m#IS^'cc)ilt'y;wtMT-BU 

) iliLCC>ig-ft:^^-ri/77X'fe5. PEBfl(!0jfilt^'O^i<lrl00i:UT^^(^^i^%T-|g 
[I17]PE i>hPRD ^<Z):^ttM^T-JliLjE(l|X^|»!JE: Systolic pressure) (Djli^^qxi- 

[El9]PES.t/PRD ^mLX<D^!kmRBC)1SC<Dm^^7f^i-^vyX'h^, 
m 1 0]PES tJ^PRD %m t-CcD-s^^D t'y (Hb) M<^it?^$r^1-j/7 7 t?fo-5o 

C^ii]PESt5PRD ^i^Lx<D^'^hi^Mmm(Dm^^^-t^yyxh^o 

miilPE&XJ^PRD ^iiUTCQJllL/h^K (Platelet) |gccD||i^Sr^1-^^77^fc5, 
m 1 3]PEZi WRp ^iiUTOiiigtfli^gS (TBA) m<Oim%:^'t^77Xh^o 
[mu]PE^mRD S^LT<Dl|glf y/Ufi^ (T-Bil) ^^^-CfcSo 

[0020] 

6 : Jla^5>Bf 5S (Plasmaseparalor) 
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7 :mtmm{T'^:ty^mmm) 
[0021] Sir. m 1 \mLx. ^?^m<D-mmmm'ti>o ^mmm i i^{c^Lfe## 

[0022] itmizm^M.mn7^yiXWy:rimv^x^'e7^/i^f'- m^mttxiim 
m-r?)) Jc^A^tiSCioo mi/min)o ^-y:f2icir)ikmti^^m^n. z<r>ikm^1^^ 

mtmmy^y'i'^mibi^i^ib-io mi/min), mmKB^\aty>{y3xvm0^B!km 

(Fresh. frozen plasma: FFP)^/Ky7°3^MV^lRl3iT'?SA-f-5, :L(Df^\t^y:^4ii 
^P^!^1-5c 5Ky7°2*3j;t;f4^|5]iiS-C-|El^(^fiJx.ti400 ml/min)L. M'St^UWi 



[0024] jJcic, llgg^cy^'ii,■l^y;^l^>'JiiLSI^7'y^Srffiv^fci!l.^fe||i^^cJ;!3. ;Jc%§^(Oiga 
[0025] 
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mmt 0 B#, Sail^ (22i2t:. 55+10%) irU TKiiTKSr § 

fCj;5AX(q^!aT{-5i/i/7i.(0.3 mg/kg/h) . '<y^^)/v':x(o.3mg/kg/h) , yiyi^u 
=r>A7'D*K(0,04 mg/kg/h) (CTtfofco 
[0026] iy^^\fD/V\fysk.m^7'/^^l 

i-^^i?1>M^ffiy7'>'WU-»';^;x-T^KGainCath, Gambro. Stockholm), J^:kmm 
[0027] Clfc^^^ (Plasma Exchange, PE) ] 

separator: ACH-QTS, Asahi Medical, Tokyo)SrffiV^fCo ^UWMlt^/^Vyi-hV'^ 
mmOO m\/^tU skm.':S^^itm^]k^j^mmOP-05W. As&M Medical. Tokyo) 

^M^^^^wnzy^fmmm^fkmB^^x^mg) x 1/13 x (i- Ht/ioo)-T?^ta$ 

initmUyh/i^) i:2mmxmnVit (10-14ml/^» m2h 

[0028] imtmm(osm^^mmi^xi>-:f7^vy^^'\ 

^^m^m^yz^^m^^^m^Mm (50 mi/:$^, 300 m\)izx^mtmm<Dy'y^s. 

[0029] ilkm^M^m¥HtmmM^ (Plasma Recycling Dialysis, PRD)] 

zfy^^i^^mj^. E.:tjis^^m\f^xmm'^Mi:n\f\ pe m^sk^^mi::m^^ 
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1^4)0 il^it^mimT:=-yir}y^t^mm (Plasorba BRS- 350, Asahi Medical, Tokyo) 
[0030] ?B'l^rgBr 

. PEBB^&o.s, 1, 2 ^pp^^; prd rM^2. 4. 6(PRD ifs^jut) .8 ptfaj^(c^TV\ itm 
^se. r^wy^v-, f-hy^'A, i^u^/u, mm^m. mm-m. 

y/Ufi^, ^UTf-=^y, LDH, AST, ALT \Z^\^xmmLit (n=4)„ ^ytJl^SSife^^ 

[0031] 

PEPt^^^CS, K 2 atl?S]^<D«4'fc-iU«ifc^3?m#l^4'COJ^J0fr^(TBA)^I, 

tT^j.Qv PE :^^^PRD -^<Dmfm^x}k&iimmm)mt^mtbfj:p':>hm7)o 

PESjO^PRD *iit-C^jliifi|gJ?)/j;;5>ofco j&t^$1^ST«e:ifiL3^IS:^ s^jfii^tc, ^ 

[0032] [^1] 
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PEtlr 


PE»7» 


PRDlKTKf 


Total Protein (g/dl) 


5,7 ±0i 


5.0 ±0.1 


5.0 ±03 


Albsmin (nig/di) 


2.7±0;2 


2^ ±0*1 


24 ±02 


AST(IU/L) 


31 ±13 


36±I2 


36±8 


ALTOU/L) 


18 ±4 


23 ±3 


23 ±2 


LDH (lU/L) 


371 ±51 


430±34 


435 ±100 


BUN(iQg/dl) 


6.8±1.9 


7.4 ±1^ 


8.8 ±3.0 


Crcatinin (mg/dD 


0^±0.1 


0.7 ±0.1 


0.6 ±0.1 


Na(roEq/L) 


138 ±1 


138 ±2 


135 ±2 


K (m£q/L) 


4J±03 


3.6 ±03 


35 ±0 J. 



[0033] 

Tf^fbigE(?)^'{r-/WT';/:/(i^^-efc!9, Oigtiif StJJ^ifiLMSHf (Hemodialysis) 
AXflfliS1^3j<-h (artificial liver support) iUT'irfflt?fe5i#;tbnfco 
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[2] m^ik^^^mm-cmm-t^.m^mm^ommo 

[3] -mmi^5km^mmmxmp^i-^sm7mmm<Dmmo 

[83 mi iZTn^ti^, mtt^U. H*»j\, y7'4. 7-Y>'4, y^ys 

[10] ^i{c:^$tx2>Wd>6fi^5,ft*^9ia»^go 

[1 1] >-f tiX)^-«{c|E#(^^gtSr«Sx.;feAXBf Hi, 
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